Background
Introduction
Tobacco smoking is well known for its harmful effects on general health owing to the increased risk of developing fatal diseases. For this reason, global public health efforts to decrease smoking rates have become a major challenge [1] . More than 5,000,000 deaths a year are estimated to be the direct result of tobacco use, and more than 600,000 deaths are the result of exposure to second-hand smoke (SHS) [2] . Epidemiological studies have reported the increased risk of cardiovascular disease, stroke, lung cancer, chronic respiratory symptoms, and impaired pulmonary function among individuals exposed to SHS, demonstrating that exposure to SHS, like active smoking, is one of the leading causes of preventable poor health in the developed world [3] [4] [5] [6] .
Despite its rapid economic development and its efforts to control smoking, South Korea still has a considerable smoking rate of 42.1% reported among adult men (!19 years old) and 6.2% among adult women. In addition, 57.2% of men and 38.7% of women belonging to the neversmoker adult population were reported to have been exposed to SHS at the workplace in 2013 [7, 8] . Because it is known that active smoking leads to impairment of health-related quality of life (HRQOL), vulnerabilities due to decreased HRQOL and the potential development of mental health problems among never-smokers exposed to SHS should also be concerned [9] .
HRQOL is considered an important tool to assess the physical, social, and mental functioning of individuals. Decreased HRQOL is known to be associated with increased risk of death, hospitalization, and increased health care costs at the population level [10, 11] . Although decreased HRQOL in current active smokers has been widely investigated, only limited data are available on the effects of exposure to SHS on HRQOL among never-smokers [9, 12, 13] . In addition, most of the previous studies on the association between smoking and HRQOL used the 36-item Short Form Health Survey (SF-36) to measure HRQOL [12] [13] [14] . However, in contrast to the EQ-5D index, instruments such as SF-36 have limited use because they do not include preference-based measures in their scoring algorithms [15] .
The aim of this study was to evaluate the association between self-reported exposure to SHS and HRQOL among never-smokers in the general population using data obtained from a nationwide survey from South Korea: the fifth Korea National Health and Nutrition Examination Survey (KNHANES V), and using the EQ-5D index and EQ-VAS score, which are the most popular preference-based tools used to assess HRQOL to date [8, 16, 17] .
Materials and Methods

Study population
The KNHANES is an ongoing surveillance system since 1998 to assess the health and nutritional status of the general population of South Korea. It is composed of three component surveys: health interview, health examination, and nutritional survey [8] . KNHANES V was conducted between 2010 and 2012 and collected data from 11,400 households in 576 randomly selected survey areas, which were drawn from the annual population census and resident registration population of South Korea [18] . The cohort included 25,534 participants. Trained interviewers administered questionnaires addressing various health-related information, including living and working environments, comorbidities, quality of life, and smoking habits as well as the degree of exposure to SHS. To avoid confounding by active smoking, the analysis in the present study was based on 10,532 never-smoker adults aged above 20 years, who had responded to the questionnaire used to measure the EQ-5D index and EQ-VAS score. The design of this study was approved and given an exemption from deliberation by the Institutional Review Board of Seoul National University Hospital. Since this study used data collected from KNHANES V, the institutional review board waived the need for written informed consent from the participants.
Measure of SHS exposure
Whether a participant had exposure to SHS and data on the duration of exposure (in hours per day) were collected by assessing the responses to the prepared questionnaire. The questions "If you are regularly exposed to cigarette smoke at your workplace, how many hours per day are you exposed?" and "If there is an active smoker in your family, how many hours per day are you exposed to smoking at home?" were asked to each participant. Respondents could answer 'unexposed' if they were not exposed to SHS in the workplace or at home, or they could express the duration of exposure in hours per day if they were exposed to SHS for more than 1 hour per day. Because exposure to SHS of less than 1 hour per day was anchored to '0' hours in each question, the database could not provide accurate values when added up for total exposure time. Therefore, to evaluate whether a dose-dependent relationship exists in association with HRQOL, participants were categorized into three groups prior to all analyses according to the total duration of daily exposure to SHS in the workplace or at home: unexposed, <2 hours per day, and !2 hours per day.
Measure of HRQOL
The Korean versions of the EQ-5D index and EQ-VAS, approved by the EuroQoL Group, were used to measure the HRQOL of the participants. The EQ-5D descriptive system comprises five dimensions: mobility, self-care, usual activities, pain/discomfort, and anxiety/depression. Participants were asked to indicate their health status by choosing 1 of 3 levels: no problems, some problems, extreme problems. Elicited utility scores from each dimension were converted into an EQ-5D index using the mapping system provided by the EuroQoL and the quality weight calculation formula proposed in previous studies [19] [20] [21] . The EQ-5D index was anchored at 0 for very poor health and 1 for perfect health, indicating a preference for specific health status. Respondents were also asked to mark their self-rated health on a vertical, visual analogue scale (EQ-VAS). Endpoints were labeled 'best imaginable health state' (numbered 100) and 'worst imaginable health state' (numbered 0) [19] .
Statistical analysis
Analyses included comparisons between the groups unexposed and exposed to SHS. To produce estimates representative of the general population of South Korea, survey weights derived from the calculation of the post-stratification estimator and from adjustments in the nonresponse rate, and extreme weights were used in all analyses [18] . Continuous variables were described as means and standard errors and were compared using independent t-tests. Categorical variables were described as frequencies, and the χ 2 test with Rao-Scott correction was used to make comparisons between the groups. Univariate linear regression analyses were performed to allow adjustment for other potential confounders, which were measured from the survey, and multivariate regression models with weight analysis were used to investigate whether exposure to SHS was independently associated with changes in HRQOL. The following potential confounding variables derived from the questionnaire and health examination were considered: age, sex, body mass index (BMI), employed status, individual economic status, self-reported any alcohol use, marital status, and comorbid conditions (diabetes mellitus, hypertension, depression, stroke, osteoarthritis, and asthma) which were self-reported if a participant had told by a doctor whether they have been diagnosed with the disease. Since the presence of one comorbid condition showed collinearities with other comorbid conditions, presence of any comorbid condition was introduced as a single variable. If the P-value in univariate analysis was less than 0.10, it was included in the multivariate model, and all variables were entered simultaneously. The significance of variables was assessed by the P-value, and the goodness of fitting of the model was evaluated by R-squared.
To evaluate the association in each EQ-5D dimension, polynomial regression models were used to assign the exposure groups to categorical variables and problem levels to outcome variables, assuming 'no problems' as level 1 and 'extreme problems' as level 3. To evaluate the association with converted EQ-5D index and EQ-VAS score, models were used to assign the obtained scores to outcome variables. In addition, means of the EQ-5D index and EQ-VAS score adjusted for variables included in the multivariate model were calculated. P-values of <0.05 were considered statistically significant. All analyses were performed using the STATA software, version 12.0 (StataCorp, College Station, Texas, USA).
Results
Baseline characteristics
Of the 17,559 adult respondents with data available on smoking history, 10,532 never-smokers had available exposure status to SHS and were eligible for analysis. Among the respondents included, 3,073 (29.2%) reported routine exposure to SHS, and 667 (6.3%) reported exposure of !2 hours per day (Fig 1) . The comparison of baseline demographic data and clinical characteristics between the unexposed and exposed group are shown in Table 1 . For the total estimated general population, the proportion of unexposed and exposed participants was 65.1% and 34.9%, respectively. Participants with exposure to SHS were generally younger, men, single, employed, and had received higher education. The proportion of participants with comorbid diabetes mellitus, hypertension, stroke, and osteoarthritis were higher in the unexposed group. Before any adjustments, calculated EQ-5D index and EQ-VAS score were higher in the exposed group.
Effect of exposure to SHS on EQ-5D and EQ-VAS
In univariate analysis, various clinical factors such as increasing age, sex, BMI, educational and economic status, any alcohol use, employed status, marriage, and presence of any comorbid condition showed strong effects on HRQOL. Multivariate regression models analyzing the association between HRQOL measures and exposure to SHS adjusted for pertinent confounders showed that after adjustment, exposure to SHS was an independent predictor of lower EQ-5D index (β = −0.007, P = 0.005, R 2 = 0.232) and EQ-VAS score (β = −1.936, P < 0.001, R 2 = 0.093) (S1 Table and Table 2 ). Although all the parameters did not reach statistical significance, a trend of higher problem levels in most of the dimensions of EQ-5D were found in the exposed group. Compared to the unexposed group, the group exposed to SHS had significantly lower adjusted means of EQ-5D index (0.929 vs. 0.923, P = 0.022) and EQ-VAS score (73.517 vs. 71.648, P < 0.001) (Fig 2) . When further stratified by sex, adjustments in the EQ-5D index and EQ-VAS score showed that exposure to SHS was significantly associated with lower EQ- 5D index (β = -0.008, P = 0.014, R 2 = 0.226) and EQ-VAS score (β = -2.138, P<0.001, R 2 = 0.084) in the women population. Though not reaching statistical significance, similar trend of association was also shown in men (S2 Table) . Table 3 provides the adjusted problem levels of each EQ-5D dimension, the EQ-5D index, and the EQ-VAS score in comparison between the groups with daily exposure of <2 h/day and !2 h/day with the unexposed group. Compared to the unexposed group, groups with longer daily exposure to SHS trended to have higher problem levels in all 5 dimensions of EQ-5D. Adjustments in the EQ-5D index and EQ-VAS score in the comparison between the groups showed that longer daily SHS exposure of !2 h/day was significantly associated with lower EQ-5D index (β = −0.011, P = 0.013) and EQ-VAS score (β = −3.631, P < 0.001). The association revealed a dose-response relationship.
Discussion
The present study, which included a large nationwide cohort from South Korea, indicates that exposure to SHS is significantly associated with lower HRQOL, measured by using both the EQ-5D index and EQ-VAS score, in a dose-response manner. These findings are important not only because HRQOL is a major outcome closely related with hospitalization and mortality but also because HRQOL is an important indicator for estimating the level of public health and establishing health-related policies [10, 22] . Our study provides novel data and demonstrates the association between exposure to SHS and HRQOL in the never-smoker population using reliable methods to measure these variables, that is, a questionnaire to obtain data of exposure to SHS, and EQ-5D index/EQ-VAS score to measure HRQOL, which is the most popular preference-based tool used to assess HRQOL to date [16, 17] . A few studies have evaluated the effects of SHS on HRQOL and reported decreased HRQOL scores in participants exposed to SHS. However, most of these studies evaluated the association between exposure to SHS and HRQOL in patients with underlying pulmonary disease or heart problems, and the limited data corroborating this association in the general population underscore the importance of our results [12, 13, 23] . Moreover, in most of the previous studies, the scoring system used for evaluating HRQOL was SF-36, a non-preference-based measure form [15] . Considering that the use of cost-utility analysis has been recently emphasized to compare the beneficial effects of a healthcare program, efforts have been focused on comparing and deriving mapping algorithms to convert SF-36 scores into preference-based scoring systems such as EQ-5D, which can be presented as indices and are more useful for social analysis [24] [25] [26] . The results of our study indicate that, even in the general population, regular exposure to SHS at the workplace or at home has a negative effect on HRQOL measured using EQ-5D index/EQ-VAS score in a dose-dependent manner. Along with a previous study performed with a large scale cohort in Switzerland that showed that self-reported exposure to SHS was associated with lower HRQOL measured using SF-36, our results provide relevant data to help guide public health policies for the control of exposure to SHS in South Korea and other countries [12] . Although widely used, the EQ-5D has limitations that should be considered on interpretation. The EQ-5D is known to be relatively insensitive to change and has ceiling effects, especially in non-patient populations [27] . This might explain the relatively lower effect of exposure to SHS on changes in measures of EQ-5D index compared to other studies evaluating the SF-36 domains, and the discrepancy on the level of changes between EQ-5D index and EQ-VAS score, since EQ-VAS is more sensitive to change with fewer ceiling effects compared to EQ-5D index [12, 13, 28] . Nevertheless, the novel finding that exposure to SHS was independently associated with lower HRQOL measured with EQ-5D index/EQ-VAS score should not be underestimated.
Although the pathophysiological mechanisms of SHS exposure responsible for such detrimental effects on HRQOL remain unclear, there is indirect biological evidence to support our findings. In this respect, it is known that active smoking is associated with higher serum concentrations of epinephrine and norepinephrine and a lower concentration of renin, suggesting a potential interaction of exposure to smoke and the sympathetic regulatory system [29, 30] . Moreover, the increased exposure to chemical substances present in smoke, including nicotine and carbon monoxide, can cause peripheral vasoconstriction and impaired tissue oxygenation, leading to possible psychological derangement [14, 31] . Chronic inflammation caused by exposure to SHS, associated with increased concentrations of white blood cells, C-reactive proteins, fibrinogen, and various inflammatory cytokines, may also play a key role in the reduction in HRQOL [32] . Accordingly, long-term inflammatory changes due to repeated exposure to SHS may explain the dose-response relationship between exposure to SHS and reduced HRQOL shown in our study.
To interpret our results correctly, we should take into account the limitations of this study. First, collecting data on exposure to SHS by self-report may have led to recall bias or underestimation of the level of exposure, and potential misclassification with regard to true exposure, reflecting the perceived degree of exposure to SHS rather than the actual duration of exposure. However, previous studies have demonstrated a linear correlation between self-reported exposure to SHS and objective biomarkers such as serum cotinine, indicating that well-designed questionnaires can correctly estimate the actual relative levels of exposure to SHS, thereby supporting the validity of our results [33] . Second, because exposure to SHS of less than 1 hour per day was anchored to '0' hours as responses to each question, the database could not provide accurate values as a continuous variable when calculating total exposure time in hours per day. Although disadvantages in analyzing such data exist from categorization, our results still provide relevant data on the dose-response effect. Third, as in any cohort study, there is the potential for selection bias, and confounding by unmeasured variables may have influenced the results.
The main strength of our study is the large sample size and the methodically randomized selection based on the survey data, which is representative of the general population of South Korea. In addition, by using a questionnaire to evaluate the smoking status and exposure to SHS of each respondent, we could effectively control for active smoking, which was a strong potential confounder in our analysis, and obtain information on the duration of exposure.
Because the questionnaire used in the KNHANES V survey was based on various environmental factors, not only on exposure to SHS but also other potential hazards, possible recall bias was minimized.
In conclusion, daily exposure to SHS was associated with lower HRQOL measured using the EQ-5D index and EQ-VAS score in a dose-response manner. Importantly, these results will help guide policy recommendations on public health and tobacco control in South Korea and other countries.
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